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ABSTRACT

» The Monte Carlo fast-neutron air-scattering data
presented in FZK-9-147, Volumes I and II, have been inte-
grated to obtain the angular distributlons and energy
spectra for a point 1lsotropic source emitting cne neutron
per second at a gi?en energy Eo' These calculations were
performed for source-detector separations of 10, 35, 6l,
and 100 feet and for initial neutron energles of 0.33,
1.1, 2.7, 4.0, 6.0, 8.0, 10.9, and 14,0 Mev.
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I. INTRODUCTION

Alr scattering Is the principal process by which
neutrons leaving e gowrce in air are transported to olher
posltlons some distence awaye In order to make comprehen=
sive shield-design studies, one must know the energy and
angulay dlstributions of the scattered neutron flux at the
positions of interest. It is possible to design and apply
Monte Carlo procedures which solve thig problem directly
for specific ceses; however, 1t is often more practical to

use the Monte Carlo procedurss to generate data in a sulta

1

ble parametric form 8o as to be able to apply the results
without having to run a new préblem for each new source
term,

This report presents paramstric alr-scattering data
for isotropiec sources of monoenergetle fast neutrons. For
source energies of 0,33, 1.1, 2.7, L0, 6.0, 8.0, 10.9,
end 14.0 Mov, the angular distributions of the scattered
flux and dose rate and the energy svectra of the scattered
flux are given for source-receiver separation distances of
10, 35, 6, end 100 feet.

The data presented here wexre computed from the results
of Wellst Monte Carlo parameter study of neutron scattering
for directional point sources in an infinite, homogeneous

sedlum of alr (Refs. L and 2)e A straight-forward integration
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procedure was formulated and programmed Iin Fortran for the
IBM-70L in order to carry out the calculations. The pro=
cédure was designed to utilize directly the punched card
output of Wellst! Monte Carlo calculations,

Section II of thls report deals with the geometry of
the neutron-scattering problem while Section III describas
the Monte Carlo da%a used in these calculations. The inte-
gration scheme and Fortran procedure are discussed in Section
IV and the results are presented in Section V in the form
of tables and graphs giving the angular distributions of the
scattered flux and dose rate and the energy spectra of the

scattered fiux,
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II. NEUTRON SCATTERING GEOMETRY

The geometry (Fig. 1) consists of a neutron source S
located in ‘an infinite, homogeneous medium of air. A
detector D of unit cross section 1s located a distance a
'fr0m the source S. The neutron current leaving the scurce
is described by a polar angle K and en azimuthal angle #.
The polar angle 1s measured wifh respect to the sourcee
| detector axis while the azimuthal angle 1s the angle between
the positive y axls and the projectlion of the nsutron
direction on the y,z plane. The azlmubthal angle is measured
in & clockwlse directions

The detector angle f 1s the polar angle between the
direction of the incoming neutron flux and the source-detector
axise The azimuthal angle #' at the detector s defined in
the same manner as B. The neutron current of energy E,
moving In the directlion (K,Zf) at a point Q on the surface
of a unit sphers about 8 1s defined as S(K,Z,E )e The nun-
ber of neutrons passing through a surface element dA at Q

per unit tlme is given by S(K.ﬂ,Eo.)dA.
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IIT. THE MONTE CARLO DATA

Since the generation of the Monte Carlo data used in
those célculations has been thoroughly described by Wells
in Refaerence 1, only a brief review ls needed here.

The eifscts of elastic scattering, fnelastic scattering
end absorption were taken into account in the Monte Carlo
air-scattering calculationses The neutron cross segtlons for
altrogen and oxygen used In these calculations were taken
from data glving by Lustlg, Goldstein, and Xalos (Refse 3
and )+ The neutron cross sections for alr were computed
on the basis of a mixture of 78% nitrogen and 227 oxygen
and a density of 5.37 x 1019 atdms/bc or 0,1293 k J.O"2 gm/bc.
The fluxe-to-dose conversion factors F(E) used in computing
the tissue doss rates wore those calculated by Hurst and
Ritchie (Ref. S).

The calculated resuwlts presented in Reference 2
represent the angular &lstributions of the neutron flux,
the angular dlstributlons of the tlssue dose rate, and the
energy dlstribution of the meutron flux at the Qebtector D
for & point monodireetional source 8 emitting one neutron
per second of energy E, in ihe glven direction (K.ﬁ). The
caleulations were performed for four separation distances
of 10, 35, €4, and 100 feet, elght initial neutron energles
of 0.33, 1,1, 2.7, 4.0, 6.0, 8.0, 10.9 and 14,G “ov, end
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elght souree angles, X, of 5, 15, 30, 60, 90, 120, 150, and
180 degrees. Tnis represents a.total of 6L different source
descriptions and four source-detector separations which nmay
be combined to describe any arbitrary source distributiono

The scattered flux reaching the detector 1s sorted
into elghteen equal angle intervals, pi, and ten arbitrary
emorgy intervals, Ege N(K,Qf,Eo,a,pi,Ej) is defined as the
fraction of neutrons with initial energy B, and directlon
(K,%) passing ﬁprough the incremental area dA per unit tlme
which reach the detector at a distance a in the detector
angle increment 31 with energy in the energy group Ej’
D(K,ﬁ}Eo,a,ﬁi) is defined as the meutron dose rate due to
neutrons with inltial energy Eo and direction (K,ﬂ) which
errive at the detector D a distance a from the source in
the detector angle increment By, Since there 1s symmatry
aboﬁt the source-detector axis and both source and detector
are located in the Infinite homogeneous medium, angular
distributions at the detector are independent of both source
and detector azimthal anglee Therefore, the data are not
sorted with respect to thls angle, and the variable g is
dropped from the expressionse

The following quantlties are tabulated In Reference 2% s
NR,E,s00By0E )y NIK,E,8,80), N(K,Eqsa,8y), DUE,8,8,),
N(K,Eo,a). and D(K,E,,a). N(K,Eo,a,pi,EJ) is tabulated In

the form of an 18 x 10 matrix for each of the four valtes
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of a, elght valunes of Eo, and eight‘values of Kov In addition
to the 18 x 10 matrices, the energy distribution of the air-
scattered flux is given by
18
N(K,Eo,a,Ej) = EE::N(K’EO’a’Bi’Ej);’ (1a)
i=1
the angular distributions of the alr-scattered flux is given
by
10
N(K, o,a,ﬁi) = }E::N(K,Eo,a,ﬁi;Ej) . (2a)
j=1
The dose rate D(K,Eo.a,ﬁi) 1s calculated and stored as a
funcﬁion éf K;Eo,a and pl’ It is printed as a function of
angle  for esach combination of K,Eo, and a.
The total scattered flux and dose rate are given,

respectively, by

18 10
N(K,E ,2) “Z ZN(K,EO,a,Bi,Ej), - (4a)
T =1
and
18
DIK,Eg,e) = ) D(K,E,,a,8) o (5a)

The units of the scattered fluxes are neutrons/bma-sec per
source neutron/éec‘and ﬁhose of the scattered dose rates are

ren/hr por source neutron/sec.
17




The total scattered flux from a source S(K,E } reaching

t‘he detector D at & distance a is

r 2% |
N(E,,a) =[ [ S(K,EQ) N (K, By ,a) sink ax af (6a)
b
)
= 2z / S(K,2_ N {K,Eq,a) sluk dK. ()
-0

Siamtlavrly, the tobal scattered dose rate ls

% 22 .

D(3,,8) = / [ 8@,TIDIE,Bye) stk ok af (7a)
nT

= 2 ! S(K,E,)D(K,E,,e) slaX dK. (75)

Simllarly, the angular distributions of flux and dose rate

are given, rospvectively, by

‘ T 2% '
N(E,,a,p) = j ! ' S(K,E,)N(K,E,,a,p) sink dr dd  (Sa)
0
| x
- 2x J S(K,E,)F(K,E, ,a,f) sink dk,  (6%)

and

n 2% : .
D(Eq,e,) ”/J S(K,EID(K,B,,2,B8) sink aX g  (9a)
Q

S
=2x [ SEEHDEE,,0,0 s ake  (90)

18




The energy distribution of the scattered fiux Is glven by

en
N(a,EE) = f J S(K,E_IN(K,E_,8,8) sink 4K &f  (10a)
0

’t .
=2 211[ S(K,EO}N(K,EO,a,E) sink dK. (10b)

An analysis of the Mon%e Carlo data showed that the
stendard deviation of the total scattered flux N(K,E,,a) was
dess than 0.1 N(K,Eo,a) in €0,2% of the problens, less'than
0.15 N(X,2_,8) in 91.4% of the problems, and in only 2.73%
of the problems did the standard deviatlon exceed 0.2
N(K,Eqsa)e | |
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IV, INTEGRATION QF THE MONTE CARLO DATA

Since the quantlitles N(K,E ,a,p}, D(K,E_,a,p), and
N(X,E,,2,E) are not glven In terms of analytie functlons,
it is néceSSary to dovise some integration scheme that will
produce ascurate resultse ¥For the purpose of numerical
integratidns, Equations 6b, 7b, 8b, 9b, and 10b beeome, in

turn

)
N(Eo,a) = ZtZ 3(%’E0)N(Kn-’Eo'a) sinKn (AKn). (6e)

n:

8
D(E_,a) = 2u Z S(K,oE ID(K ,E_,a) sinK, (K ),  (7c)
n=

8 .
E#ZS(Kn.EO)N(Kn,EO,a,Bi) s:f.nK,n (AKn), (8e)

n-——

N(Eo,o., Bi)

8 .
D(By,a,8,) = ZRZS(Kn’Eo)D(Kn’EO‘a‘pi) siak, (2K), (9e)
n= '

8 ,
N(EooapEj) = 2% s(&oEO)N(KnanoQQEJ) 51&% (AKn)'. (10¢)

n:

where 1=1, 2, ecee 18 and J =21, 2, «e0 5 10,
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The calculations presented here were performed for a
polint isotroplec source emitting 1 neutron/see with energy E e

&

Therefore,

1 ,
S(K,EO) = gonstant = e 3 | (11)

The values of N and D were taken from.'the tables In Refexre
ence 2.

The swmmations in Bquations b6¢ and 7o¢ were performed
using & machlne code designed primarily for mabrix calculations
but adaptable for these calculationse

An IBM Fortran prosedure was writtem to provids for the
Integration of Equations 8e, 9c, and 10s with a nonisotropie
gource term depending only on the polar angle XKe The isotrople
casg presented here 1s a special case of this more genoral
source term. A ecopy of the Foriran program ls shown In the
Appendix. . QCortefn subroutines, such as SETUP, END 9,

LIB 1, LIB, and END(2,1), are speclal General Dynamics/Fort
Worth subroutines. However, the baslce program should remain
the same anywhere.

The valuss of (AKn) used in the numerlcal integration
were Ghasen after considering which hisbogram would best
represent the smooth curve for integration purposes. The
histogram-£it tends to overestimate in the first 20 degrees

snd underestimate in the last 20 degress.

22




The yalldlty of the integration scheme was checked
by comparing the results of numerical Integration with those
obtained using a planimeter on smooth curves drawn through
the elght pointse. In the seven cases chosen at random for
comparlson, the numerical integration overestimated the

result by less than 2.5%. 1In all cases, the numerical intee

gration overestimated the result.
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Ve RESULTS

Equabkions bc, Tec, 8¢, 9¢, and 10¢ have baen numerically

~Integrated for a point isotropls source. The results are

presented in this sectlion in both tabulated and graphical
form, |
The seattered neutron flux, N(Eo,a,Ej), Tables IIX
through V, and the neutron flux per Mev, N(EO,A,EJ)/AEj,
Tables VI through IX, have been tabulated as functlons of
By, the Inltlal energy, and G%%j. The subscript m indle
cates that G%QJ i1s the lower limit o; the jth energy interval,
'&%Qj for each E, is showa In Table I. The minlmun energy
cutoff for each source energy is given In Table I bY(EmZJ
for each source energy. AEJ is the width‘or the Jth energy
groupe The scabttered neutron flux,_N(Eo,a,EJ), is reported

in units of

neutrons/ cmz-sec
source neutron/sec

and the neutron flux per Mev, N(Eo,a,EJ)/AEJ 1n'un1ts of

neutrons/ cma-se c/ Mev
source neubron/sec

The angular distributions of the scatiered neutron flux
end dose rate in a 10° interval of 8, N(B,,8,8) and
D{Eo,a,ﬁl), ere tabulated as functlons of E end §; in
Tadles X through XIII and XIV through XVII, respestively,




. |
where pi is the uppepr limib of the ith'angular Interval,
The units here are

neutrons/cma-seo in 10° Intexval
source feutron/ses

and

rem/hr in 10° interval
source neutron/ses

The quantities N(Eo,a,Ej)/AEJ., N(E_,2,8,)5 D(E ,8,8;),
N(B,,a), and D(E,,8) are showa in Figures 2-9, 10-17, 18.25,
26 and 27, respectively.

The engular distributions are plotted as funetlon of
fy, the midpoint of the angular interval By 4 0 By

In Figwres 2 through 9, the energy spectrum 1s plotted
against the midpeint of the energy group Ej.

The total scattered flux and dose rate, N(Eo,a) and
D(E,,2), respectively, are shown in Figures 26 and 27 as
functions of E, for each of the four separation distancess
ccnsidered,

The scattered dose rates for source energles of l.1 Mev
or greater result from neutrons with enargles greater than
the minimum energy used for each source energy, but the
scattered doge rates for the 0.33 Mev source are those ré-

sulting from meutrons with enexrgles greater than 0,22 Mev.
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Separation Distance -~ 35 Feet

TOTAL SCATTERED NEUTRON FLUX
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Separation Distance ~ 64 Feef;

TOTAL SCATTERED NEUTRON FLUX
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TOTAL SCATTERED NEUTRON FLUX
Separation Distance - 100 Feet
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ANGULAR DISTRIBUTION OF TOTAL SCATTERED NEUTRON FLUX

TABLE X

Separation Distance - 10 Feet

Kneutrons/bm2-sec)/ksource neutroq/secﬂ

Source Energy (Mev)
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ANGUIAR DISTRIBUTICN OF TOTAL SCATTERED NEUTR

TABLE XI

Separation Distance « 35 Feet
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ANGULAR DISTRIBUTION OF TOTAL SCATTERED NEUTRCN FLUX

TABLE XII,

Separation Distance - 64 Feet

[_(neutrons/ch-sec)/(source neutron/aec)]

Source Energy (Mev)
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ANGULAR DISTRIBUTION OF TOTAL SCATTERED NEUTRON FLUX

TABLE XIII.

Separation Distance - 100 Feet
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ANGULAR DISTRIBUTION OF TOTAL SCATTERED NEUTRON DOSE RATE

TABLE XIV,

Separation Distance - 10 Feet

[(rem/hr)source-neutron/sec)]

Source Energy (Mev)
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ANGULAR DISTRIBUTION OF TOTAL SCATTERED NEUTRON DOSE RATE

TABLE XV

Separation Distance - 35 Feet

[( rem/hry( source-neutron/sec )]
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ANGULAR DISTRIBUTION OF TOTAL SCATTERED NEUTRON DOSE RATE

TABLE XVI ,

Separation Distance -~ 64 Feet

[(rem/hr) / (source-neutron/sec )]

Source Energy (Mev)
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ANGULAR DISTRIBUTION OF TOTAL SCATTERED NEUTRON DOSE RATE
Separation Distance - 100 Feet

TABLE XVII,

[( rem/hr)/( source-neutron/ sec)]

Source Energy (Mev)
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Scattered Neutron Flux Kneutrons/cmz-sec—MevL/(source neutron/secﬂ
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Scattered Neutron Flux Rneutrons/cmg-sec-Mev)/(source neutron/secﬂ
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Scattered Neutron Flux[(neutrons/cmz-sec—loo intervall/(source neutron/éecﬂ
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APPENDIX
*55 FORTRAN STATEMENTS

BEG XTREH RSS JRCK, GRIGSEY (CHROL UIFFEY -=29873 . GO
EZECY EZEDZ EZED3 EOF ESTDY EFEE{REZERZ EFERY EZER1HEZSERS
IBM 704 FROCEDURE RSS ooz
IMTEGRATION OF MOMTE CRELD LeblrULHTIOHS OF FAST HEUTROM SCRTIERIMGOODZ
IN AIR FOR HOM-ISOTROPIC SOURCES Joog
oo0s
OIMEMSION Z2C22, DI ¢E,
FLUME C3z0-85.,
S5 eETAE s
: FAD ¢S576, 50 &
CamMMoH

aony

; ; ooong
FLIECSY . O . L. noog
s 02 s FLUSH . [OSEH FLUKE « 5 s SRE o010
. S5 . FRO,  SOS . FHEE ¢ FLIB » 0 RS aoitd
CHLL LIt Mo . . e e ootz
GOOTO 11,500 , M . Qo1 3
CHLL LIE CIHRSS.EDY Q314
RERD SO0, FLIF . s

uf By =

I Il

1

“s w e Q006

RES

RSS
RSS
RSS
RSS
RSS
RSS
RSS
RES
RSS
RSS
R5S
RSS
RSS
1RSS5

IF CFLIP D 14, 19, 13 O S2RSS

EHCKSFACE = aQt1s
GO TO S0 . L. .. ad1e
FLIF MOODF ¢ ED - .05 o7
LIET FLLIF oare
GO TO C1S, 20,25, 30, 352 « LIET e AT, ante
FORMAT CaE1d. 4 DOzn
RERD 40, ¢ 2002, J=1.2 2 oo
w10t = ED - e e e e e W2 DR
GOoTa 11 o0
FERD 40, COZC, J=t,8 % et
=102 =  ED . .. e e e L AD2S
GO To 11 0026
RERD €0, COFLURA X4, Jd=1.8> I=Z1LS8578 9 o277
103 = ED R e e R e e BRI | )t
GOTO 1 on29
READ 40, COOOSER C1:000e J=1:80 IzteS575 2 020

3RSS
R3S
RSS
R3S
. RSS
RSS

RIS

2RSS

R3S
R53
-RS5
RSS
RSS
a5
RSS
RSS

=104 = EQ . 0021 RIS

GO TO 11 NIz

S RERD <40, COFLUME €I,43, J=t.83 I=ts320 v . DL pe gt

R3S
RS5S

“Ipsd = EOD . . e ; - e e e -0l24, RES

G0TO 1 N3y
CHLL SETUF CIHRSS, =100 02s
FEAD SO0,  CFLIBCMD s M=1,8% e :
FORMAT CSFT. 05 ngas

IF CXIDN - FLIBCID) 85, S1, S5 GRS
IF CAIDZ - FLIBCEYY 55, 52. S5 e e . 004R
IF CRIDZ - FLIBCI)D  §%. S3, 5% fi4 1
IF (X104 - FLIBC4Y) S5, S4; 59 0042
IF CKIDS - FLIBCSYD. . $%» S8 S5 . . . i . 0042

FRINT S6 . 0044
FORMRT CS4H LIBRARY DECKS CALLED FOR IN PROELEM RRE NOT RUAILAELE>04S
CALL ENDY .- . U 1 11 1 1 3
RERD 5%, CHOFY  , NOFZ , NOF3Z D 0047
FORMAT (3130 N . afa g3
IF CNOPY1 + MOP2_+ MOFRZ > 1000, 1000, A0__ . . . S—— v L 2]
RERD 40, CCSCI,Jd2, J=1,82,121,8 D noso
oo 70 J=t,= 00S1
R2CID = 0, 01745320 % _2Ca0 e e e e mme e 44 e ... DOB2
SRZCID= SIMF (RICIID 0053
ACJD = SRECDH ¥ [ZC4D 00S4
CONTINUE

73

RSS
RSS

037 RIS

RSS
RSS
RS3
R3%
RSS
R3S
RSS
RSS
.R35
RSS
R3S
R3S
RSS
R3S
RSO3
R3%
RSS

e n - e - e ~0030 RIE




c

2010

Zo2
2022

FORTRAN STATEMENTS (cont'd.)

IF ¢ NOPY + NOP2 > 100G, 1100, 1200 - .0056 RSS.
PRINT 1001 . ' . 00S7 RSS
FORMAT C(27H ERROR ON SECCND CARD OF PROBLEM DECKR 0058 RSS
CRLL END2 SOV PRGOS 0 ¥ 1~ 3 B0 - 4~
NM = 320 0060 RSS
GO TO 2000 . 0061 RSS
NM = 57¢° : R o creeme e DOGB2.REG

0063 RSS
CONSTRUCT A LHARGER MATRIX FROM 5CI.Jd2 0064 RSS
DO 2022 I=1,HM . . - i — e . ODBS. RSS
Do 2022 J=1.% D066 RSS
IF <1-8> 2010, 2010, 2C1Z2 0067 RSS
55C1,J0 = ScI.d0 . . . . e i ee e e e 0GB RS
GO TO z0z2 noew RSS
55CI,J42 = 53 (I-8, D 00T01RSS
CONTINHUE .QUTOZRSS

65 FORMAT <8E10.4D Q0703RSS
IF ¢ SENSE SWITCH 2 0D 2023, 2024 0071 1RSE

2022 PRINT 65, CC SSCI, 00, J=1,8 2,I=1.MM 2 _ . - e e . DOTI2RSS
2024 DO 027 I=1,NM DO713RST
(] 2027 J=1,8 . .. DO714RSS
JSSCILJ) = 6,2831853 % S5CI, U0 NN * 1 L1 -4 B -4}
2027 CONTINUE . . . ..DOT22RSES
IF CSENSE SWITCH 2 2 2028, 2029 ...DO723RSS

2028  PRINT 65, C¢58C1.J0, J=1.8 2, I=1. NM 3 3 . : D0T24R5S
2029 IF CNOPY > 1000, 2150, 2020 e D73 RSS
_______ 0074 RSS

COMPUTE ANGULAR DISTRIEUTION. OF FLUMe . o 0075 _RSS

2030 DO 2035 I= 1,57¢ __. Q076 RSS
oo 2035 J= 1,8 0077 RSS

CFRAD CI,40 = SSCl Jdy %  _FLUXA CI.a2 . 0Q78 _RSS

FRD CI,J2 = FRADCI,J> *  RACID .0079 RSS

2035 CONTINUE 0080 R5S
_. SUMMATION . S — oner. RSS
DO 2040 I=1,576 g0z RSS
FOCID> = 0.0 0083 RSS

. Do_2040 J=1.8 o ) . o - 0084 RSS
FDCI> = FOCID + FRC CI,J2 n08%S RSS

2040 CONTINUE 0086 RSS
DO 2050 _ I=1.18 . _ _ e - 0087 RSS

Do 2050 J=1,4 . 00Bg RSS

Do 2050 K=1,8 ‘0089 RSS

L= K+ 8% CJ-1D)  + 32 % (1S90 QU920 R3S
S0S CI,J,K> = FDCLD . _.0091 RSS

2050 CONTINUE ) . 0092 RSS
-....PRINT QUT RESULTS RS 4  18xX8 MHTRICES, — - 0093 RSS
D0 2100 J=1,4- . 0094 RSS
PRINT 2060 o 0095 RSS

2060 FORMRT (29HIANGULAR_DI3TRIBUTION OF FLUX) — 0096 RSY
PRINT 2070 » J 0097 RSS

2070 FORMAT C22HOSEPRARATION DISTANCE R,I12 0098 RSS
... PRINT 2080 e e e 00992 RSS
2080 FORMAT C100HN K EOY EQ2 EQ3 . E04 0100 RSS
1 EOS EOG ECT EO8 > . 0101 RSS
e D0Q 2100 I=1,08 . L. .. 0102 RSs.
FRINT 2090 » (I, ¢SO0S CI,0,K>, K=1:8 20 A e -0103 R3S

2090 FORMART C(1H .12,8E12.40 L s .. 0104 RSS
2100 CONTINUE R e e ' 0105 RSS
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- mm s e ey e A A TR e

21350

[}

()

2200

2210

2220

2240

2250

3040

3050

‘3060

PORTRAN STATEMENTS (cont'd.)

IF CNOP 2 > 1004, 200C, 2200
CONPUTE ANGULAR DISTRIBUTION OF DOSE RATE.
o0 2210 .. 1.2, 1,576 . .
0o 2210 J =z 1,8
FEp <I,J> = S5¢I,J> % DCOSER CI.J0
FAOD CI,J2 = FRODCI,J2 # R
CONTINUE
SUMMATION
1,576

oo 2229 1
FOoId> = 0,
o0 2220 J=t.@

FOCI) = FOCIY + FAD C1,02

CONTINUE

oo 2230 I=1,18

0o 2230 J=1:4

00 2230 K=1,8

L = K + 2 % CJ-jd> + 32 % I-12

SOS<IL KD
CONTINUE
PRINT OUT ANGULRAR DISTRIBUTIOMN OF DOSE RATE

Oon 2250 J=1,4

PRINT 2240

FORMRT <(38HIAMGULAR DISTRIBUTION OF THE DOZE RRATE?
PRINT 2070. J.

FRINT 2080

D0 2250 121,18

PRINT 2090 ., (I 5 <505 (1, 0,Ks, Kzi,80 2

CONTINUE

IF CNOpP 3 X 1000, SG, 3000

COMPUTE ENERGY SPECTRUM CF FLUX
0o 3035 I=1,320

00 3038 J=i.8 S .o
S5CI,Jd> * FLUXE <I,J5

S5CI, 00 =

S5CI,J> = SECI, 00 % AddD

CONTINLE ‘ e - - e
SUMMATION

Do 2040 1=1.320

FOCI> = 0.0

00 3040 Jz1,.8

FOCI> = FOCIZ + SS (1,40

CONTINUE R, - - . ——

0o 30S0 Iz 1,10

o0 3050 J= 1,4

0Q 3050, K= 1,8 « o e e mme e i e m e e
L o= K + & % CJol) .+ 32 % CI-13

505 CI,0,K 2 # FDELD

CONTINUE e e vt e

PRINT OUT ENERGY SFECTRUM OF FLUX

Do 3070 J=t1,4

PRINT 3060 ) e e e —
FORMAT C29H1TOTAL FLUX IN EMERGY GROUF K>

FRINT 2070 » J
PRINT 2080
00 3070 I=1:10

PRINT 2090 » ¢ I, CSCSCI»JrKY,K=t1,85 D

.
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(AR RNIS)
a1o7
31 as
gto9
(A By
attd

a1z

L0123,

o113
0114
011s
118
o117
Qttg
119
0120
ozt
0122
atzd

L0124

0125
0126
127
o128
ot2a

0130

ot
o132

0134
0135
(VR R}
a137

o132

L0132

0140
0141
Q142
0143
0144

0145

U146
Q147

0148

0149
150
0151
0152
0153
Q154
015s
0156
(AR
0158
1S9
0160
0161

0162

0163

RSS
RSS
RSS
RSS
RrS5S
RSS
RES
RSS
RES
RS
RES
RSS
RSS
RS3
RSS
RSS
RSS
RSS
RSS
RSS
RSS
RS
RSS
RSS

RSS

RSSE
RSS
RS9
RSS
R3S
R3S
RSS
RSS
RSS
RSS
RS3
RSS
RSG5
R3S

RSS

RSS
RSS
RSS
RSS
R5S
REE
RSS
RSS
KSS
RSS
K35
RSS
RSS
RSS
RSS
RSS
RSS
RKSS




3070 CONTINUE
4000 GO TO SO
ENDCZ, 1)

FORTRAN STATEMENTS (cont'd.)
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0164 RSS
0165 RS
0166 RSS
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